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SRLQWRIYLHZWZRPDMRUDVSHFWVRIWKHPHFKDQLFDOEHKDYLRUDUHPDLQO\LQYROYHGLQZDWHUDJLQJWKHPRGLILFDWLRQRI
IUDFWXUH WRXJKQHVVGXH WRSODVWLFL]DWLRQ DQGGHJUDGLQJ HIIHFWV LQ WKHSRO\PHUQHWZRUN VWUXFWXUH DQG WKH VZHOOLQJ
GHIRUPDWLRQZKLFK FDQGHWHUPLQH LQWHUQDO VZHOOLQJ VWUHVVHVZKHQ WKHZDWHUGLVWULEXWLRQ LV QRW XQLIRUP RUZKHQ
LQWHUIDFHVDUHLQYROYHGEHWZHHQPDWHULDOVZLWKGLIIHUHQWK\JURVFRSLFVZHOOLQJFRHIILFLHQWV>@
6HYHUDOZRUNVKDYHLQSDUWLFXODUUHSRUWHGDUHGXFWLRQRIWKHJODVVWUDQVLWLRQWHPSHUDWXUHTgLQKLJKGHQVLW\FURVV
OLQNHGHSR[\V\VWHPVDVDFRQVHTXHQFHRIZDWHUDEVRUSWLRQ>@6XFKUHGXFWLRQ LV LQJHQHUDODVVRFLDWHG WRDQ
LQFUHDVHGPRELOLW\RIWKHSRO\PHUQHWZRUNVWUXFWXUHDQGKHQFHLWLVUHIHUUHGDVDSODVWLFL]DWLRQHIIHFW9HU\IHZZRUNV
WKRXJKKDYH LQYHVWLJDWHGZDWHUDJLQJSODVWLFL]DWLRQHIIHFWVE\GLUHFWO\PHDVXULQJ WKHPDWHULDO IUDFWXUH WRXJKQHVV
ZKLFKVKRXOGEHDPHFKDQLFDOSDUDPHWHUGLUHFWO\DIIHFWHGE\VXFKPRGLILFDWLRQV/LQHDU(ODVWLF)UDFWXUH0HFKDQLFV










LQ RUGHU WR PHDVXUH WKH PDWHULDO IUDFWXUH WRXJKQHVV 6RPH ILUVW UHVXOWV KDYH UHJDUGHG D '*(%$ HSR[\ VDPSOH




,Q WKLVZRUN WKH VWDQGDUG FKDUDFWHUL]DWLRQ RI IUDFWXUH WRXJKQHVV DVVLVWHG E\ 36$ LV SURSRVHG WR FRPSDUH WKH
EHKDYLRURIWZRGLIIHUHQWHSR[\PDWHULDOVDKLJKO\FURVVOLQNHG'*(%$HSR[\DQGDFRPPHUFLDOORZGHQVLW\FURVV
OLQNHGHSR[\V\VWHPDEOHWRFXUHLQURRPWHPSHUDWXUHFRQGLWLRQV7KH36$DQG)UDFWXUHDQDO\VHVKDYHEHHQFDUULHG





2.1. Materials and samples preparation 












2.2. Gravimetric and DMTA analysis 
7KHVDPSOHVZHUHDJHGLQDWKHUPDOEDWKDW&LQRUGHUWRDFFHOHUDWHZDWHUGLIIXVLRQZLWKUHVSHFWWRK\JUR
































,W LVZHOO NQRZQ WKDW 36$ DOORZV WKH TXDQWLWDWLYH HYDOXDWLRQ RI WKH SULQFLSDO VWUHVVHV GLIIHUHQFH V1V2 7KLV
TXDQWLW\LVGLUHFWO\UHODWHGWRWKHUHODWLYHUHWDUGDWLRQGWKDWFDQEHREWDLQHGE\FRPELQLQJGLJLWDOO\DFTXLUHGLPDJHV
ZLWKGLIIHUHQWDQJXODUSRVLWLRQVRIWKHRSWLFDOHOHPHQWVSKDVHVKLIWLQJPHWKRGV>@,IWKHDQDO\VLVLVFDUULHGRXWLQ
]RQHVZKHUH WKH LVRFOLQLF SDUDPHWHUT  ZKHUHTLV WKH DQJOH EHWZHHQ WKHx D[LV DQG WKH FORVHU SULQFLSDO VWUHVV
GLUHFWLRQVHH)LJRQHSDUWLFXODUO\FRQYHQLHQWSKDVHVKLIWLQJVFKHPHLVWKH7DUG\3KDVH6KLIWLQJ>@7KLVLVDEOH
WRGHWHUPLQH WKH UHWDUGDWLRQE\FRPELQLQJRQO\ WKUHH LPDJHVDFTXLUHG LQPRQRFKURPDWLF OLJKWZLWK WKUHHDQJXODU
SRVLWLRQVRIWKHDQDO\]HUȕA,QWKLVFDVHWKHWKUHHHPHUJLQJLQWHQVLWLHVIDQGWKHUHWDUGDWLRQDUHJLYHQE\
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SURFHGXUH LQZKLWH OLJKW DQGZLWK DSODQH SRODULVFRSH >@,QWURGXFWLRQ7KH LVRFOLQLF LV LQSDUWLFXODU REWDLQHGE\
FRPELQLQJ IRXU LPDJHVFRUUHVSRQGLQJ WR WKHDQJOHVZ Z2 Z3 Z4 RI WKHDQDO\]HUDQG
SRODUL]HUFRXSOHZLWKWKHKRUL]RQWDOUHIHUHQFHxD[LV. 7KH IRXUHPHUJLQJLQWHQVLWLHVDUHJLYHQE\
    VLQ i j f j w j iI I I T Z   ZLWKi=1,2,3,4FRUUHVSRQGLQJDWWKHIRXUDQJOHVȦDQGj = r, g, b 
%\FRQVLGHULQJWKHDYHUDJHRIWKHWKUHHUHGJUHHQDQGEOXHLPDJHVIRUHDFKDQJOHȦ
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5HVXOWVDQGGLVFXVVLRQ
3.1. Gravimetric data and DMTA  
)LJXUHVKRZVWKHFXUYHRIPDVVXSWDNHIRUWKHWZRHSR[\V\VWHPV%RWKPDWHULDOVH[KLELWDQDEVRUSWLRQEHKDYLRXU
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DPDUNHGVKRXOGHUWRZDUGVORZHUWHPSHUDWXUHVZLWKWKHSUHVHQFHRIDGRXEOHSHDN>@7KHEHKDYLRXUIRU6;LV





3.2. Swelling stresses analysis: un-notched samples 
,QRUGHUWRSHUIRUPDTXDQWLWDWLYH36$WKHSKRWRHODVWLFFRQVWDQWRIWKHPDWHULDOLVQHHGHG7KLVZDVPHDVXUHGRQ
EHDP VDPSOHV RI GLPHQVLRQV îîPP WHVWHG LQ IRXU SRLQW EHQGLQJ >@ 7KH SKRWRHODVWLF FRQVWDQW ZDV LQ
SDUWLFXODUPHDVXUHGRQWKHQRWDJHGFRQGLWLRQDQGDWKRIDJLQJFRQGLWLRQLQJ7KHQRWDJHGPDWHULDOJDYHWKH
IROORZLQJYDOXHVCA [PP1DQGCSX=[PP1UHVSHFWLYHO\IRU'*(%$DQG6;7KHDJHG
PDWHULDO JDYH WKH IROORZLQJYDOXHVCA=[PP1 DQGCSX=[PP1 UHVSHFWLYHO\ IRU'*(%$DQG
6;,WLVWKHQREVHUYHGDUHGXFWLRQIRUWKHSODVWLFLVHGPDWHULDOLH'*(%$DQGDQLQFUHPHQWIRUWKHHPEULWWOHG
PDWHULDO6;7KHVH UHVXOWV DUH LQ OLQHZLWKRWKHU H[SHULHQFHVPDGHE\ WKH DXWKRUVRQRWKHU HSR[\ V\VWHPV DOO
LQGLFDWLQJWKDWDGHFUHDVLQJTgXVXDOO\FRUUHODWHVZLWKDUHGXFWLRQRIWKHSKRWRHODVWLFFRQVWDQWCDQGYLFHYHUVD
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)LJXUHUHSRUWVUHVXOWVRIWKHLVRFKURPDWLFUHWDUGDWLRQDORQJWKHYHUWLFDOV\PPHWU\D[LVRIWKHVDPSOHIURPWKH
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WLSZKLOH)LJEVKRZVVxVyLQDOOSRLQWVRIWKHOLJDPHQWDWIRXUWLPHV,WLVDJDLQREVHUYHGWKDWWKH'*(%$V\VWHP
UHDFKHVPXFKKLJKHU VWUHVVYDOXHV7KH ]RQH DKHDGRI WKH FUDFN KDV DQ LQFUHPHQW RIVxVy WKDW LV EHOLHYHG WREH
EDODQFHGE\DFRPSUHVVLRQEHWZHHQ WKHIODQNVRI WKHFUDFN LH LQ WKHZDNHRI WKHFUDFNVHHDOVR>@ IRUDPRUH
H[WHQGHGGLVFXVVLRQRIWKLVHIIHFW)URP)LJELWLVREVHUYHGWKDWVxVyDWWKHFUDFNWLSRI6;LVGHFUHDVLQJIURP













3.3. Fracture toughness evaluation 
)LJXUHVXPPDULVHVWKHPHDVXUHGYDOXHVRIIUDFWXUHWRXJKQHVVKICDWWKHWKUHHVWDJHVRIREVHUYDWLRQ5HVXOWVIRU
'*(%$FRQILUPWKHEHKDYLRXUDOUHDG\REVHUYHGZLWKK\GURWKHUPDODJLQJDW&>@,WLVLQSDUWLFXODUFRQILUPHG





















FXUHGDW URRP WHPSHUDWXUHDQGDFKLHYLQJDTgRI&7KHGLIIHUHQWFURVVOLQNGHQVLWLHVDOVRGHWHUPLQHD ORZHU
IUDFWXUHWRXJKQHVVPHDVXUHGE\KICIRU'*(%$GXHWRLWVPRUHULJLGVWUXFWXUDOQHWZRUN%RWKV\VWHPVKDYHEHHQ
DJHGLQDWKHUPDOEDWKRIZDWHUDW&
,Q JHQHUDO LW KDV EHHQ REVHUYHG WKDW '*(%$ DEVRUEV D VLJQLILFDQWO\ KLJKHU DPRXQW RI ZDWHU WKDQ 6;













UHFLSURFDO LQIOXHQFHV RI VZHOOLQJ VWUHVVHV DQG PDWHULDO QHWZRUN FKDQJHV LQ WKH ZDWHU DJLQJ RI JODVV\ WKHUPRVHW
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